with ANALYTIC JENA AG model SPECORD-50 and SYSTRONICS-166 spectrophotometers with 1 cm matched quartz cells.
An Elico model IL-610 digital pH meter was used for pH measurements.
Reagents
All chemicals used were of analytical reagent grade, and distilled water was used throughout the study.
Iodine monochloride (ICl) [ 
Standard solution
Aqueous solution of olanzapine (OLZ) was prepared by dissolving the required amount of the sample in distilled water. A working standard solution was prepared by a suitable dilution of standard solution.
Standard procedures
Method A An aliquot of the solution containing 0.2-1.6 µg mL -1 of OLZ was transferred into a series of 10.0 mL calibrated flasks. Then, a volume of 2.5 mL of 2.25×10-4 mol L -1 ICl was added to each flask. After 10.0 min, 1.5 mL of 0.01% (m/v) TB was added and the contents were diluted to the mark with distilled water. The absorbance of the dye was measured after 5.0 min against water at 536 nm.
Method B
An aliquot of the solution containing 0.1-1.4 µg mL -1 of OLZ was transferred into a series of 10.0 mL calibrated flasks. Then, volumes of 0.5 mL each of the Ce(IV) [ 50.0 µg mL -1 ] and 0.025% (m/v) LCV were added . The reaction mixture was kept in a water bath (~ 55.0°C) for 5.0 min; after being cooled to room temperature (26 ± 2 °C), the contents were diluted to the mark with acetate buffer of pH 4.9 and mixed well. The blank was prepared similarly omitting the OLZ and its absorbance was measured against distilled water at 580 nm. The decrease in absorbance corresponding to consumed Ce(IV) and in turn, to OLZ concentration was obtained by subtracting the absorbance of OLZ solution from that of the blank. The calibration graph was drawn by plotting the difference in absorbance against the concentration of OLZ, and the amount of OLZ was computed from the calibration curve.
Tablets
Twenty tablets of olanzapine (OLZ) were weighed and ground into a fine powder. An accurately weighed powder equivalent to 100 mg of the active component was transferred into a 100 mL calibrated flask and dissolved in distilled water and the mixture was shaken thoroughly for 30 min. Then it was diluted to the mark with distilled water, mixed well and filtered using quantitative filter paper. An aliquot of this solution was diluted appropriately to obtain the working concentrations and analyzed as described under standard procedures.
Results and discussion
In an acidic condition, a known excess of ICl is used to oxidize SO 2 and the unreacted ICl is used to iodinates thymol blue. The decrease in ICl concentration is a measure of the SO 2 concentration. The absorbance of uniodinated thymol blue is measured at 536 nm. This reaction has been the basis of the best method for the determination of SO 2 in environmental samples [11] . In this work, a known excess of ICl is used to oxidize olanzapine to colorless sulfoxide [9] in an acidic condition. In the same condition, the unreacted ICl is used to iodinates TB, thereby a decrease in ICl concentration is directly proportional to the drug concentration. This formed the basis of OLZ determination in method A.
When TB is iodinated completely with ICl, the absorbance at 536 nm decreases and reaches a minimum value. With an increase in OLZ concentration, there is a concomitant fall in ICl concentration, and as a result less iodinated TB is formed. The difference in concentration of uniodinated thymol blue in the reaction mixture gives the exact concentration of the drug. The absorption spectra [ Fig.1 ] show that, a linear increase in absorbance with increasing drug concentration.
In order to establish the linear range, various experimental parameters such as acid, concentration of ICl and concentration of TB were optimized, and the optimum conditions were specified in the recommended procedure. The acidity of ICl solution can vary from 1. and an overall acidity of 2.25 mol L -1 ICl (working standard) was taken for subsequent studies.
The concentration of TB required under optimum acidic condition to produce an absorbance of 0.752 at 536 nm was selected. Volumes of 1.5 mL TB in presence of 2.5 mL of 2.25 mol L -1 H 2 SO 4 in a total volume of 10 mL were used, and the corresponding ICl concentration required to decrease the absorbance to 0.084 was fixed by using 2.25×10 -4 mol L -1 ICl in 2.25 mol L -1 H 2 SO 4 in a final volume of 10 mL. Thus, the optimum conditions were included in experimental procedure. Hence, volumes of 2.5 mL of 2.25 ?10-4 mol L -1 ICl and 1.5 mL of 0.01% (m/v) TB were used.
The constant absorbance values were observed 5 min after the dilution. Therefore, a reaction time of 5 min was fixed before the absorbance measurements. The color system was found to be stable for >12 h.. The reaction time was not affected in-between the temperatures 5 and 60 °C, beyond this, there is a decrease in the absorbance values.
In an acid solution, Ce(IV) oxidize LCV to violet colored crystal violet, which shows maximum absorption at 580 nm. In this method [method B], a known excess of Ce(IV) [ 3.0 µg mL -1 ] was utilized to oxidize OLZ in sulfuric acid medium to colorless sulfoxide form. The unreacted Ce(IV) was determined by reacting it with LCV to CV in an acetate buffer medium (pH 4.9). This reaction formed the basis for the determination of micro amounts of OLZ in method B.
Preliminary experiment was performed to fix the linear range (Beer's law curve) for Ce(IV) with the use of LCV under the optimum experimental conditions. The concentration range of Ce(IV) was found to be 0.0-2.8 µg mL -1 . Thus, a known excess of cerium(IV) [ ie., 3.0 µg mL -1 ] solution was selected for further experiment.
Olanzapine, when added in increasing amounts, proportionately consume Ce(IV); consequently there is a concomitant fall in the concentration of Ce(IV). This is observed as a proportional decrease in the absorbance of the reaction mixture on increasing the concentration of OLZ [Fig.2] .
The various acids (sulfuric, hydrochloric and phosphoric acids) were studied, sulfuric acid was found to be the best acid for the system. The constant absorbance readings were obtained in the range 0.25-1.5 mL of 0.25 mol L -1 H 2 SO 4 at a tem- The optimum concentration of LCV leading to maximum color stability was found to be 0.5 mL of 0.025% (m/v) reagent per 10.0 mL of the reaction mixture. The formed dye was stable in a buffer of pH 4.9 and hence acetate buffer of pH 4.9 was used as a diluent.
Analytical data
Optical characteristics such as Beer's law 
Applications to pharmaceuticals
The proposed methods were applied to the quantitative determination of OLZ in pharmaceutical preparations and the results are presented in Table 2 . A statistical analysis of the results by Students t and F-tests showed no significant difference in accuracy and precision between the proposed and reference methods [9] .
The interference with commonly associated excipients such as talc, starch, glucose, gum acacia, sodium alginate and magnesium stearate was investigated by preparing different synthetic mixtures containing about 20-30 mg of pure drug and 3-5 fold excess amounts of the excipients and performing recovery studies using the developed methods, and recoveries obtained were in the range 99.6-100.8%
Conclusions
The methods developed for the determination of OLZ are simple, selective and offer the advantages of high sensitivity without the need for extraction. The proposed reagents are easily available and cost-effective, and these methods do not involve any stringent reaction conditions, and non-interference from associated substances in the dosage forms. The methods developed have been utilized to determine OLZ in pure as well as in pharmaceutical samples.
